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ABSTRACT 
LOW FITNESS PHENOTYPE AND CARDIOVASCULAR  
DISEASE RISKS IN AFRICAN  
AMERICAN WOMEN 
by 
Jurine H. Owen 
The purpose of this study is to determine if African American Women (AAW) 
with low fitness levels have low fitness related to a lifestyle choice of decreased physical 
activity (PA) or the cardiovascular disadvantage of greater proportion of Type II (FT) 
muscle fibers.   
Forty-eight apparently healthy AAW participated in the study.  The women had 
no known risk factors for CVD; were sedentary (no structured fitness training program 
within last six months) or minimally fit (PA ≤ 3 x week for 20 minutes); and were not 
taking any prescription medications for blood pressure, diabetes, or lipid control.  On the 
first visit the following measurements were taken: 1.) height and weight (electronic scale 
and stadiometer); 2.) body fat percentage (dual energy x-ray absorptiometry (DXA % 
body fat); and 3.) CRF (submaximal treadmill exercise test).  On the second visit 
additional measurements included: 1.) blood pressure (stethoscope and 
sphygmomanometer); 2.) lipid profile and high sensitivity-C reactive protein (hs-CRP) 
(Cholestech LDX analyzer); 3.) thigh anthropometric measurements; 4.) isokinetic power 
and fatigue testing (KIN-COM dynamometer).  Pearson product correlation coefficient 
(r) was used to analyze the relationship between the variables. 
The results indicated that gross oxygen consumption at 85% maximal heart rate  
(VO2) was not significantly related to PA (r = -.06, p = .67) or FT fibers (r = 0.14, p = 
0.34). VO2 was negatively correlated with hs-CRP (r = -.31, p < 0.05), systolic blood 
 
 
 
 
pressure (r = -0.47, p < 0.01), diastolic blood pressure (r = -0.42, p < 0.01), and DXA % 
body fat (r = -0.64, p < 0.01).  There were no significant relationships between PA and 
any of the variables.  FT fibers were negatively correlated with low density lipoprotein (r 
= -0.30, p < 0.05) and DXA % body fat (r = -0.46, p < 0.01). 
In conclusion, low cardiorespiratory fitness in AAW does not seem to be a related 
to reported levels of PA or proportion of FT fibers.  This suggests that there may be other 
factors that are contributing to the low levels of cardiorespiratory fitness observed in this 
sample of AAW.   
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CHAPTER 1 
 
LOW FITNESS PHENOTYPE AND CARDIOVASCULAR DISEASE RISK IN 
AFRICAN AMERICAN WOMEN – A REVIEW 
 
Introduction 
 Cardiovascular disease (CVD) refers to any disease that affects the heart and 
blood vessels and includes, but is not limited to, atherosclerosis, cardiomyopathy, 
coronary artery disease, and peripheral vascular disease (1).  The occurrence and 
mortality rate of CVD is approaching epidemic proportions in women who are African 
American (AAW) (2, 3).  Although AAW have a higher incidence of select risk factors 
for CVD, there have been no clear explanations to elucidate their increased likelihood of 
developing the disease (4).   One possibility observed in the research literature is that an 
individual's level of physical fitness may influence their incidence of health 
compromising risks and contribute to the development of chronic diseases such as CVD 
(5, 6, 7).  In addition, there have been a few studies that have shown a connection 
between skeletal muscle fiber type and risks for CVD (8-13).  The purpose of this review 
of the literature is to discuss key risk factors for developing CVD in AAW; examine the 
concept of the low fitness phenotype; discuss published literature investigating the 
association between physical activity (PA) and CVD risks; review the published literature 
on the relationship between skeletal muscle fiber type and disease risks; and examine the 
use of isokinetic testing for identification of skeletal muscle fiber types.   
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Risk Factors: Hypertension, Obesity, and Type II diabetes,  
 Hypertension is a disease that is becoming more widespread around the world.  In 
the US, more than 58 million people are hypertensive and a relatively greater proportion 
of these individuals tend to be of African American descent (6).  As a group, 38.5% of 
African Americans have hypertension as compared to only 28.9% of non-Hispanic 
Caucasians.  For African Americans between 40-59 years of age, 50% are hypertensive 
as compared to 30% of Caucasians in the same age category (6).  For AAW greater than 
65 years of age, roughly 75% are hypertensive as compared to about 50% of Caucasian 
women of similar age (6).  The development of hypertension is a significant health risk 
for AAW.  Elevated blood pressure is a key risk factor for developing CVD as it can 
facilitate adverse structural and functional changes of the heart; mechanical stress & 
damage to arteries; and renal complications (6, 7).  Quite often, hypertension is diagnosed 
at a later age in African Americans; and it is not uncommon for many AAW to be 
unaware that they are hypertensive and vulnerable to developing CVD (7).  In the United 
States, approximately 45% of AAW have some form of undiagnosed CVD as compared 
to 32% of Caucasian women (7).  The consequences of hypertension are more severe for 
African Americans (AA) as they suffer from higher rates of morbidity and mortality as a 
result of hypertension related stroke, CVD, and end stage renal disease. As compared to 
the general population, AA experience an 80% higher stroke mortality rate, a 50% higher 
CVD mortality rate, and a 32% higher end stage renal disease mortality rate as a 
consequence of high blood pressure (6).  Less access to preventative care and lower rates 
of referral for preventative cardiac interventions are additional reasons for the greater 
prevalence of CVD morbidity and mortality observed in AAW(7). 
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 Obesity is another CVD risk factor that is disproportionately higher in AAW and 
is a major comorbidity for chronic diseases in our society.  It has been defined as the 
“excessive accumulation of adipose tissue to the extent that health is impaired” (14).  The 
Centers for Disease Control and Prevention (CDC) reports that approximately 32.2% of 
men and 35.5% of women were obese as indicated by data collected from the 2007-2008 
National Health and Nutrition Examination Survey (NHAMES) (15).  The combined 
prevalence of overweight and obesity in the adult population in the United States is 
approximately 68%, and of that percentage, a significant portion of these individuals are 
AAW (15, 16).  African American women have greater obesity rates than African 
American men, and are two times more likely to be obese as compared to Caucasian 
American women (17).  This higher tendency toward obesity in AAW is significant as it 
can precipitate a number of chronic disorders, such as hypertension, type-II diabetes, 
cancer, and cardiovascular disease, and thus increase the rates of associated morbidity 
and mortality (7, 16).  However, the influence of obesity in the development of CVD in 
AAW is not clear as many obese AAW do not exhibit abnormal lipid profiles which 
precipitate CVD (18).   Generally, CVD occurs as a consequence of increased levels of 
triglycerides (TRG) & low density lipoprotein cholesterol (LDL-C) and decreased levels 
of high density lipoprotein cholesterol (HDL-C), which promotes atherosclerosis and 
atherogenesis (18). Many obese AAW have metabolically normal lipid profiles with low 
levels of TRG, LDL-C, and high levels of HDL-C, but still they manage to have an 
increased likelihood of developing CVD (18, 19).   More research is warranted to unravel 
this dilemma.     
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 The prevalence of non-insulin dependent or type 2 diabetes mellitus is growing 
throughout the United States (20).  In 2007, data collected from the 2003-2006 National 
Health and Nutrition Examination Survey (NHAMES), 2004-2006 National Health 
Interview Survey (NHIS), 2005 Indian Health Service (IHS), and 2007 resident 
population estimates, indicated that 23.6 million Americans have either diagnosed or 
undiagnosed type 2 diabetes (17).  Of those 23.6 million Americans with diabetes, ethnic 
minority groups have a disproportionately greater percentage of the disease (20).  For 
example, the prevalence rate for type 2 diabetes is 1.6 times higher in AA (6, 17).  In 
particular, AAW demonstrate a greater susceptibility to diabetes, which appears to be 
related to higher levels of physical inactivity and obesity. (17, 21, 22).  About one third of 
the difference for the rate of diabetes among AAW and Caucasian women has been 
attributed to differences in obesity levels (21).  Diabetes is a significant risk factor for the 
development of CVD.  It contributes to pathological changes that produce lesions in the 
vascular system which can initiate myocardial dysfunction and atherosclerotic changes 
(23).  Diabetic individuals are two to five times more likely to develop coronary artery 
disease (CAD), stroke, or peripheral vascular disease (23). The presence of type II 
diabetes, obesity, and hypertension has an important influence on the occurrence of CVD, 
and since AAW have increased rates of each of these risks it is not surprising that they 
are one of the minority groups critically affected (6). 
 It is clear that AAW have a greater predisposition to various risk factors 
associated with CVD.  What is not easily understood is the reason for this predisposition.  
Speculation has been made regarding the influence of physical fitness on the 
development of chronic diseases such as hypertension and obesity, both of which are 
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associated with CVD (5, 6, 7).  Relatively high levels of fitness have been found to be 
beneficial in lowering the occurrence and severity of chronic disorders such as 
hypertension, diabetes, lipid disorders, metabolic syndrome and cardiovascular disease 
(6).  Conversely, low levels of fitness have been shown to predispose individuals to 
chronic disorders thus making it a contributing risk factor.   
 Apparently, AAW have a physical constitution (phenotype) that makes them more 
vulnerable to CVD than other populations.  Phenotype refers to the physical appearance 
of an individual that is influenced by their genetics, environment, and behavior or 
lifestyle choices (1).  This suggests that an admixture of genetics, environment, cultural 
preferences, and lifestyle behaviors may be contributors to the observed predisposition 
toward CVD in AAW.  Several studies have demonstrated that AAW are relatively 
physically inactive and that they are comfortable with having a body shape that is mildly 
heavier and fuller than those typically desired by Caucasian women (18).  In addition, 
AAW have exhibited lower levels of fitness as compared to African American men and 
Caucasian men and women (18, 24-29).  Hence, low fitness may be a contributing factor 
and a particular aspect of their phenotype that influences their prevalence and severity of 
select CVD risks (30).  There is a need to better understand the impact of low fitness and 
how different factors that determine low fitness might impact the health of AAW. 
 
The Low Fitness Phenotype 
The concept of the low fitness phenotype offers physiologic suggestions for lower 
fitness levels that are based on an individual's intrinsic capacity for oxidative metabolism, 
which is associated with their percentage of type I skeletal muscle fibers (30).  There are 
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two proposed hypotheses for the low fitness phenotype.  The first hypothesis includes the 
metabolically "normal" individuals who have lower levels of physical fitness due to 
inactive lifestyles as opposed to inherited factors related to oxidative metabolism (30).  
These individuals are at increased risk for CVD and metabolic disorders as a result of a 
sedentary lifestyle that is not due to the metabolic properties of the skeletal muscle that 
can influence the risk for chronic diseases.  The second hypothesis includes the 
metabolically "disregulated" individuals who have an inborn impaired metabolic capacity 
that influences their behavior and metabolism (30).  Their fitness is based on their 
intrinsic capacity for oxidative metabolism. The impaired oxidative capacity in turn 
facilitates lower levels of baseline fitness, low capacity and tolerance for work, and 
smaller improvements in fitness in response to endurance exercise stimuli.  These 
individuals are more likely to adopt a sedentary lifestyle due to easy fatigability, 
difficulty performing endurance physical activity, and a diminished perception that 
physical activity is beneficial (30).  For this group there is a greater risk for CVD and 
metabolic disorders as the sedentary lifestyle is compounded by the impaired oxidative 
capacity of the muscle thus creating a more severe situation (30).   
Animal studies that have investigated the impact of skeletal muscle fiber type on 
disease risks have used untrained selectively bred rats that were specifically bred to have 
a high intrinsic aerobic capacity (greater % of type I fibers) or a low intrinsic aerobic 
capacity (lower % of type I fibers) for running (31-34).   The most significant findings 
from these studies have shown that the low capacity running rats (LCR) had a severe 
CVD risk profile as they had higher blood pressures, insulin resistance and fasting 
glucose, visceral adiposity, triglycerides and free fatty acids (31-33).  In addition, Bye et 
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al. (33) found that the LCR demonstrated up-regulation of a gene that is similar to 
mutated leucyl-transfer RNA in humans.  Overexpression of this gene in humans is 
associated with structural and functional changes in mitochondrial proteins that can cause 
impaired oxygen uptake, hyperglycemia, and exercise intolerance, and subsequently lead 
to metabolic dysfunction (33).  Since the majority of literature supporting this idea has 
been studied in rats its application to humans is limited.  However, this hypothesized idea 
appears to have possibilities for AAW.     
 
Physical Activity, Cardiorespiratory Fitness, and CVD Risks 
 Physical activity (PA) and cardiorespiratory fitness (CRF) are often used 
synonymously when referring to an individual’s level of physical fitness.  Physical 
activity generally refers to any form of muscular activity in which energy is expended 
proportional to the amount of muscular work (35).  Cardiorespiratory fitness represents 
the ability to perform moderate to vigorous intensity exercise using large muscle groups 
for an extended period of time (36).  It involves the collective interaction of the 
cardiovascular, respiratory, and skeletal muscle systems (36).  The literature is replete 
with investigations providing support of the inverse relationships among PA, CRF, and 
the risk of developing CVD.  Both PA and CRF have been reported to be significant 
predictors for all-cause and cardiovascular mortality in both men and women (35, 36).  In 
the late 1980s, a group of researchers led by Steven N. Blair performed a series of 
prospective studies investigating the association between cardiorespiratory fitness and 
precursor of cardiovascular disease and all- cause mortality (37-40) in men and women.  
From the years of information collected from preventative medical examinations and 
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maximal treadmill exercise testing, the authors determined that low fitness was associated 
with increased risk of CVD mortality and was a significant indicator of all-cause 
mortality.  They also found that improvements in CRF were associated with a decrease in 
risks for CVD and mortality.  In their conclusion, the author’s noted that improvements in 
physical fitness can offer a protective effect against risk factors for CVD and premature 
death (37-40).   
 Numerous other studies have also demonstrated that physical inactivity and low 
levels of CRF, exclusive from other risk factors, are indeed significant independent risk 
factors for CVD and related mortality.  Haapanen-Niemi and colleagues (41) in a 16 year 
prospective study examined the independent association of BMI, leisure time physical 
activity (LTPA), and physical fitness with CVD mortality.   They determined that BMI 
was not an independent predictor of all-cause and CVD mortality.  However, low levels 
of LTPA and physical fitness and function were significant independent risk factors for 
all-cause and CVD mortality in both middle aged and elderly men and women (41).  In 
2007, Nocon and colleagues (42) conducted a meta-analysis of 33 prospective cohort 
studies examining the association of physical activity with all cause and cardiovascular 
mortality.  Nearly all the studies included in the analysis demonstrated that physical 
activity significantly reduced risks for all cause and CVD mortality by 33% (95% 
confidence interval (CI), 28%-37%) and 35% (95% CI, 30%-40%), respectively.   Lower 
risk reductions were found in studies that used objective testing procedures such as a 
cardiorespiratory fitness test rather than self-report questionnaires.  In healthy 
premenopausal women, Abdulnor et al. (43) examined the relationship between 
percentage of predicted CRF and CVD risks and found that % CRF was not a major 
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predictor of anthropometric and metabolic risks associated with CVD.  Instead they 
found that VO2peak was a better predictor to determine the risks for CVD in healthy pre-
menopausal women (43). 
 Higher levels of physical activity and CRF have also been found to be associated 
with decreasing various risk factors for CVD and CVD mortality.  Lavoie et al. (44) 
found significantly lower levels of hs-CRP (-21.5%, p<0.05) and haptoglobin (-20.3%, 
p<0.05) for sedentary overweight/obese women with higher levels of physical activity 
energy expenditure (PAEE) (1276 kcal·day
-1
) as compared to sedentary overweight/obese 
women with lower levels of PAEE (587 kcal·day
-1
).  In addition, PAEE was the only 
predictor of hs-CRP (r
2
 = 0.14, p < 0.05) and haptoglobin (r
2
 = 0.04, p < 0.05), 
accounting for 14% and 4% of the variance, respectively (44).   Lee et al. (45) reported 
that all-cause mortality and CVD mortality is reduced in individuals with moderate to 
high levels of CRF; and that improvement in CRF is associated with lower risk of all-
cause and CVD mortality.  These observations were seen in both men and women even 
after adjusting for other CVD risk factors, including age, smoking status, ethnicity, 
adiposity, alcohol intake, and health status (45).     
 
Skeletal Muscle Fiber Composition and Disease Risk 
 The association between skeletal muscles fibers and risk factors for chronic 
diseases has not been studied extensively.  The majority of published studies 
investigating the relationship were performed by one group of researchers who conducted 
several cohort studies (8-13).  Although the data are limited, the results of these studies 
have shown that there is a significant relationship between the proportion of slow twitch 
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muscle fibers (STF) and various health outcomes associated with risk for chronic 
diseases, particularly CVD.  These authors found that a low percentage of STF is 
associated with increased blood pressure, increased insulin resistance, weight gain, 
decreased serum HDL-C and apolipoprotein A-I (apo A-I), and adverse changes in left 
ventricle (LV) structure and function (8-13).  In regards to the observations between 
percentage of STF with weight gain and HDL-C, the authors suggest that these 
relationships may be influenced by the oxidative capacity of the muscle fibers and the 
ability to metabolize fatty acids (8, 9).  In addition, the oxidative properties of skeletal 
muscle fibers are important factors to consider when assessing risk for CVD and should 
be included in the risk profile with other known risk factors (10).   While these studies 
provide convincing evidence of a relationship between skeletal muscle fiber type and 
CVD risk, it is important to mention that the authors did not recruit a diverse group of 
subjects and in every study they examined men who were of Finnish descent.     
 
Skeletal Muscle Fiber Identification using Isokinetic Testing 
 Skeletal muscle fibers can be identified according to histochemical, 
morphological, and physiological properties (46).  Most invasive procedures involve 
obtaining several tissue samples at various depth of the muscle via muscle biopsy; and 
then the fiber types are identified using histochemical staining methods (46-49).  The 
most commonly used technique is immuno-histochemical method which allows for 
identification of myosin adenosine triphosphatase (mATPase) proteins through the use of 
antibody specificity (46).  Although muscle biopsy is considered to be the gold standard 
for muscle fiber identification because of the invasive nature of the technique (50); the 
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number of biopsies required for determination of muscle fiber type composition; and 
extreme variability in proportion of fiber types within a whole muscle, it is not the most 
clinically applicable technique (47-49).  A less invasive testing procedure could provide a 
more practical alternative for estimation of fiber type proportion within a whole muscle.   
Isokinetic testing has been documented as being a useful and reasonable functional test 
for examining the contractile properties of skeletal muscle (51-55).  The use of isokinetic 
testing to examine the relationship between force velocity and muscle fiber type 
composition has been examined repeatedly in the research literature.  Some investigators 
have found it to be a practical noninvasive procedure that can assist with distinguishing 
between the basic properties of Type I and Type II fibers within a muscle through the 
assessment of power output at various angular velocities (53-55).   
 In 1976, Thorstensson et al. investigated the relationship between force-velocity 
and fiber composition in human knee extensor muscle (51).  They found that muscles 
with a greater percentage or relative area of fast twitch (FT) fibers can produce a great 
amount of force at high angular velocities.  This was the first study to demonstrate these 
findings in humans, and corroborate similar findings observed only in animal studies 
(51).  Since this classic study, other studies have been completed and have reported 
similar outcomes.  Coyle et al. (52) reported that men with predominately FT fibers were 
able to produce greater relative peak torque values than those with predominately ST 
fibers at high angular velocities (115
◦
 • s-1, 200◦ • s-1, 287◦ • s-1, 400◦ • s-1); and muscle 
fiber composition becomes increasingly more related to power production as the speed of 
movement increased (52).  Similarly, Ivy et al. (53) discovered that men with greater 
percentages of FT fibers generated significantly greater relative peak torque and peak 
12 
 
 
 
power.  However, they also found that greater percentages of FT fibers significantly 
influenced the rate of power production and the relative work performed during an 
isokinetic contraction.  It was also suggested that 180
◦
 • s-1 is the best speed for 
determining muscle fiber composition from an isokinetic knee exercise (53).
 Although isokinetic testing is useful for distinguishing between the basic 
contractile properties of type I and type II fibers, estimations of proportion of fiber types 
within the muscle are only possible if accompanied with muscle biopsies.  Suter et al. 
(54) sought to develop a non-invasive method that would allow for estimation of 
proportion of type II fibers using isokinetic testing.  They found that fatigue testing and 
power testing at different angular velocities were the best functional tests to yield 
reasonable estimates of fiber type distribution in the vastus lateralis (VL).  They derived a 
regression equation that utilizes relative torque after 53-55 contractions on a fatigue test 
and power output at an angular velocity of 280
◦
 • s-1 normalized for fat free mass of the 
thigh to estimate proportion of type II fibers of VL.  The final regression model had a 
significant correlation (r = 0.72, p < 0.01) with the muscle biopsies of VL and the 
standard error of prediction was 8.1% (54).   
Douris et al. (55) were the first to use the Suter equation as a non-invasive fiber 
typing procedure to assess the relationship between fiber type and performance on a one 
repetition maximum (RM) test in untrained women.  They found a significant 
relationship between proportion of fiber type and performance as the women have a 
greater percentage of FT fibers performed fewer repetitions at 70% of their 1RM.  
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Summary 
 The presence of CVD is on the rise in AAW, and as a result the morbidity and 
mortality rates from CVD have increased.  Data from several investigations have shown 
that AAW have a greater incidence of hypertension, obesity, and type II diabetes, which 
are key risk factors for developing CVD.  These characteristics, along with sedentary 
behavior, raise the question as to whether AAW have a particular phenotype that makes 
them more susceptible to the development of CVD.   
The concept of the low fitness phenotype offers metabolic possibilities related to 
skeletal muscle oxidative capacity, which is directly associated to muscle fiber type, that 
may partially explain why certain populations have low fitness and are more susceptible 
to developing CVD.  Unfortunately the majority of the studies that offer support of this 
idea have been conducted in rats so its applicability to humans is unclear and limited.  
None-the-less the idea does offer clues to possible answers as there have been numerous 
published studies in both men and women demonstrating that low levels of 
cardiorespiratory fitness and physical activity are associated with an increased risk of 
CVD and all-cause mortality (37-45).  In addition, there is reason to consider the 
influence of muscle fiber type on the development of risk factors for CVD as several 
studies using male participants have shown that a greater proportion of type I fibers is 
associated with an increase in blood pressure, weight gain, insulin resistance, and various 
other metabolic risk factors.    
Attempting to identify possible answers to AAW’s predisposition to CVD is 
going to require collaborative efforts on several research fronts.  There is certainly a need 
for the exploration of the applicability of the idea of the low fitness phenotype in humans, 
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in addition to examining the influence of muscle fiber type on the development of CVD 
risk factors.  Future research is warranted and perhaps novel studies should consider 
investigating these relationships in AAW and using practical non-invasive procedures 
like isokinetic testing to distinguish muscle fiber type.     
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Chapter 2 
 
LOW FITNESS PHENOTYPE AND CARDIOVASCULAR DISEASE RISKS IN 
AFRICAN AMERICAN WOMEN 
 
Cardiovascular disease (CVD) refers to any disease that affects the heart and 
blood vessels and includes, but is not limited to, atherosclerosis, cardiomyopathy, 
coronary artery disease, and peripheral vascular disease (1).  The prevalence of CVD is 
approaching epidemic proportions among many minority populations, including African 
American women (AAW) (2, 3).  African American women have a higher prevalence of 
certain risk factors associated with CVD (inactivity, hypertension, obesity, and diabetes); 
and therefore have a greater occurrence and mortality rate from the disease (4, 5, 6).  
Despite these observations, there seems to be a paucity of information that can explain 
why AAW are more predisposed to developing CVD.   
One risk for developing chronic diseases is linked to level of cardio-respiratory 
fitness (5, 7, 8).  Several studies have demonstrated that low levels of cardiorespiratory 
fitness and physical activity are associated with an increased risk of CVD (5, 9-17).  
Some have demonstrated that a low level of cardiorespiratory fitness alone is a strong 
independent predictor of CVD mortality (12, 13, 17).  Although AAW have been found 
to be more sedentary and inactive than their Caucasian peers, it is unclear whether 
physical inactivity is enough to explain their susceptibility to CVD (18-24).   
A relatively new concept, the low fitness phenotype, suggests that parameters 
other than an inactive lifestyle are responsible for the manifestation of sedentary 
behaviors.  Phenotype refers to the physical characteristics of an individual that is 
influenced by the interaction of their genetics, environment, and behavior or lifestyle 
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choices (1).  The author of the low fitness phenotype, Tim Church (25), suggests that 
there may be metabolic differences related to skeletal muscle fiber type that may 
contribute to low cardiorespiratory fitness.  In essence there are two types of skeletal 
muscle fibers, type I or slow twitch fibers, and type II or fast twitch fibers.  Type I fibers 
have a high quantity of oxidative enzymes and therefore a greater capacity for oxidative 
metabolism.  Type II fibers have a high quantity of glycolytic enzymes and a lower 
number of oxidative enzymes, and thus a limited capacity for oxidative metabolism (26).  
Conceivably, low fit individuals may have an intrinsically low oxidative capacity and 
cardiorespiratory fitness due to skeletal muscle fiber type, which induces sedentary 
behavior as a result of rapid fatigability they experience with endurance physical activity.  
Thus, they adapt sedentary lifestyles that subsequently predispose them to developing 
risk factors for CVD (25).   
Studies investigating an association between skeletal muscle fibers and risk 
factors for chronic disease provide support of a positive relationship between these 
variables.  These studies have shown that a low percentage of type I fibers is associated 
with increased blood pressure, increased insulin resistance, weight gain, decreased serum 
HDL-C and apolipoprotein A-1 (apo A-I), and adverse changes in left ventricle (LV) 
structure and function (27-32).   However, these studies are limited and lack diversity as 
they were completed by a group of researchers who conducted a series of cohort studies 
utilizing only men of Finnish descent.  The literature is void of studies investigating the 
idea of the low fitness phenotype and subsequently, the influence of muscle fiber type on 
the development of risk factors for CVD in AAW.  Therefore the purpose of this study, 
the first of this kind, is to determine if low fitness levels among AAW are related to a 
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lifestyle choice of decreased physical activity (PA) or greater proportion of Type II (FT) 
muscle fibers.  The relationships between cardiorespiratory fitness and CVD risks, and 
type II fibers and CVD risks will also be assessed. 
Hypothesis: Low cardiorespiratory fitness levels among AAW will be associated 
with low levels of PA instead of a greater percentage of fast twitch fibers.  In addition, it 
is hypothesized that low cardiorespiratory fitness will also be associated with several risk 
factors associated with CVD.    
 
Methods 
 Participants: Fifty AAW volunteered to participate in the study.  The participants 
were recruited via posted advertisements placed around the Georgia State University 
campus, local coffee shops and eateries, and various government buildings.  Criteria for 
admission into the study included that the women be: 1.) African American between the 
ages of 18-60; 2.) have no known risk factors for CVD; and 3.) were sedentary (no 
structured exercise program within last six months) or minimally active (PA ≤ three times 
a week for 20 min).  Women were excluded from participating if: 1.) they had CVD; 2.) 
were taking blood pressure (BP), lipid, or diabetes medications; 3.) unable to participate 
in isokinetic or cardiorespiratory fitness testing; or 4.) were involved in a regular exercise 
program.  The Institutional Review Board of Georgia State University approved this 
study and all participants read and signed the informed consent prior to participation.  
Testing Procedures: The participants were asked to volunteer their time for two 
testing sessions on two different days.  During visit one the subjects completed a health 
and past medical history and a PA questionnaire (International Physical Activity 
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Questionnaire short form - IPAQ-s).  They also completed the following measurements: 
1.) height and weight; 2.) dual energy X-ray absorptiometry (DXA) body composition 
assessment; and 3.) cardiorespiratory fitness testing.  During visit two the following 
measurements were completed: 1.) blood pressure and lipid profile including hs-CRP and 
2.) anthropological measurement for determination of proportion of type II fibers (via 
regression equation) and isokinetic testing.   
Assessment of Height and Weight.  Height was measured using a stadiometer 
(graduated staff used for measuring length) and body weight was assessed using a 
calibrated electronic beam scale with a digital readout to the nearest 0.1 kilogram (kg).  
Weight expressed in kilograms divided by height in meters squared was used to calculate 
body mass index (BMI).   
Measurement of Body Composition.  Percent body fat measured by a Lunar 
DPX-L dual-energy X-ray absorptiometer (model DPX-L with version 3.6R software, 
Lunar Radiation Corp., Madison, WI) was used as the standard for obesity assessment in 
this study.  This is a non-invasive procedure where measurements are taken as the subject 
lies in a supine position on a table.  Low non-harmful amounts of radiation are emitted 
during body fat assessments.  This procedure uses a three-compartment model (bone, fat 
and lean soft tissue) and makes the assumption that the hydration of the mineral-free lean 
tissue is constant at 0.73 ml
.
g
-1
.  Dual-energy X-ray absorptiometry (DXA) is able to 
provide segmental parts and total body estimates of bone, fat and lean tissue by 
measuring the attenuation of two energies of X-rays through the body.  The amount of 
absorbed energy from the X-ray source is used to determine body fat percentages.  DXA 
performs a series of transverse scans moving from head to toe at 1-cm intervals.  Three 
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different scan speeds exist and are based on subject size.  DXA software has the 
capability of adjusting for subject gender, race and age.  Dual-energy X-ray 
absorptiometer scanners are reported to accurately estimate soft tissue composition with a 
precision of 1% to 1.5% (33).  
Assessment of Physical Activity.  Self- reported physical activity was measured 
by the short form of the International Physical Activity Questionnaire (IPAQ-s).  The 
IPAQ-s is a valid instrument for assessing self-reported physical activity (34-37).  
Specifically among AAW the IPAQ-s was moderate correlated with accelerometry (37).  
Subjects were asked to recall any form of PA that they participated in for at least 10 
minutes over the last seven days, and indicate how much time they spent performing 
those activities (i.e. days per week, hours and minutes per day).  Three specific types of 
activities (walking, moderate-intensity, and vigorous physical activity) were assessed and 
the metabolic equivalents of the task (MET)-minutes per week (MET-min/week) for each 
type of activity was calculated using the following formulas (38):   
 Walking MET-min/week = 3.3 * walking min. * walking days 
Moderate MET-min/week = 4.0 * moderate intensity activity min * moderate 
days 
Vigorous MET-min/week = 8.0 * vigorous intensity activity min * vigorous days 
The summation of MET-min/week for walking, moderate intensity, and vigorous 
intensity PA was used to calculate total PA scores for each subject. Based on their 
individual total PA score, subjects were classified into three categories: inactive (PA 
score < 600 MET-min/week), minimally active (600 MET-min/week ≤ PA score < 3000 
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MET-min/week), or health enhancing physical activity (PA score ≥ 3000 MET-
min/week) (38).      
Assessment of cardiorespiratory fitness.  Performance on submaximal graded 
exercise test (GXT) using the treadmill was completed to determine cardiorespiratory 
fitness.  Using the Standard Balke protocol for normal sedentary subjects, the women 
walked on the treadmill, initially performing a brief warm-up followed by several two 
minute work stages.  The women walked at a speed of 3.0 miles per hour (mph) and 
every two minutes the stages increased in difficulty as the incline of the treadmill 
increased by 2.5% grade.  Ratings of perceived exertion (RPE) were taken 15 seconds 
prior to the end of each work stage. Cessation of testing occurred once subjects' reached 
85% of their maximal predicted heart rate.  Testing would have been discontinued if there 
were any abnormal exercise responses, but this did not occur.  Subjects were given a 10 
minute cool down following completion of testing.  An estimation of their gross oxygen 
consumption at 85% max heart rate (VO2) was calculated and used as an indicator of 
their cardiorespiratory fitness.  It was determined using the American College of Sports 
Medicine’s (ACSM) standard formula for treadmill walking (39): 
VO2 (ml·kg
-1
·min
-1
) = (0.1·S) + (1.8·S·G) + 3.5 ml·kg
-1
·min
-1
 , where S is speed 
in m/min and G is % grade. 
 Measurement of blood pressure.  Blood pressure was measured on the right arm 
with a stethoscope and sphygmomanometer after 10 minutes of quite sitting.  Blood 
pressures were measured twice and the mean value was calculated and used as the blood 
pressure value.  All BPs were measured by the same investigator. 
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Measurements of lipid profile and hs-CRP.  Finger sticks of the subjects’ 
middle finger were performed (using 2.2mm lancet) to collect blood samples for fasting 
glucose, lipids, and hs-CRP profiles.  Although fasting time for analysis of glucose and 
lipids is frequently about 12 hours (40), subjects were asked to fast at least four hours to 
be postprandial before blood testing.  Blood samples were collected in three 40 µl 
Cholestech LDX capillary tubes (Hanson Medical Systems, Inc, Winter Park, FL).  A 
Cholestech LDX capillary plunger was used to insert the samples into a LDX Lipid 
Profile plus Glucose cassette (Hanson Medical Systems, Inc., Winter Park, FL) and a 
LDX hs-CRP cassette (Hanson Medical Systems, Inc., Winter Park, FL).  The cassettes 
were placed into the Cholestech LDX analyzer and analyzed for fasting glucose (FG), 
total cholesterol (TC), high density lipoprotein (HDL), low density lipoprotein (LDL), 
triglycerides (TRG), TC/HDL ratio, and high sensitivity C-reactive protein (hs-CRP).  
Fasting glucose and lipid profiles were performed in duplicate.   
Anthropological measurement of the thigh.  Circumferential and length 
measurements of the subjects right leg were taken to determine fat free mass of the thigh 
(FFMT) as detailed by Suter et al. (41) for the regression equation.  Circumferential 
measurements were taken using a flexible plastic tape measure at two sites: 
subtrochanteric and supra patellar.  Length measurements were taken from the 
subtrochanteric to supra patellar areas.  Values were recorded to the nearest 0.1 
centimeter (cm).  Fat free mass of the thigh was determined by calculating density and 
volume of the thigh.   
Mass = density * volume 
Thigh dimensions are similar to a truncated cone.  Circumferential and length 
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measurements were used to calculate thigh volume.  The following equations were used 
to calculate density and volume (42).    
Density = 4.201/(% fat/100 +3.813)  
Volume = 1/3*pi*h (R1
2
+ R2
2
 +R1*R2); (pi = 3.142, R1 = radius of the base, R2 
= radius of the top, h = height of truncated cone)  
Isokinetic Testing. Isokinetic testing was completed using the KIN-COM 500H 
dynamometer (Chattecx Corporation, Chattanooga, TN).   The women performed power 
testing and fatigue testing of the dominant leg.  The protocol and multiple regression 
equation described by Suter et al. (41) were used for the isokinetic testing and for 
determination of proportion of type II fibers.  Prior to testing, the women completed a 
brief warm-up using the cycle ergometer for 3 minutes at an intensity of 1-2 based on the 
rating of perceived exertion scale.  For power testing, the women performed four 
consecutive maximal effort knee extensor contractions at an angular velocity of 250
◦
 • s-1.  
Power was calculated as the product of peak torque of the set and the corresponding 
angular velocity.  Power values were normalized by dividing the values by the fat free 
mass of the thigh (P250/FFMT).  Power values normalized for FFMT were used in the 
regression equation and statistical analysis.  For fatigue testing, the women performed 55 
consecutive knee extensor contractions at an angular velocity of 90
◦
 • s-1.  To ensure 
maximal effort on each attempt the women were able to watch their efforts on the KIN-
COM monitor while being given continuous verbal encouragement.  Relative torque 
values (T55) were calculated and used in the regression equation.  To determine relative 
torque the mean values for contractions 53-55 were calculated and expressed as 
percentages of the highest torque measured during the fatigue test.  The values for power 
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normalized for FFMT (P250/FFMT) and relative torque (T55) were used in the 
regression equation established by Suter et al. (41) to calculate proportion of type II 
fibers (r = .72 and RMSE of 8.1%).   
 Proportion of type II fibers = 52.239 - 0.533 (T55) + 0.512 (P280/FFMT)  
(Note: a power value of 250
◦
 • s-1 (P250) was used instead of 280◦ • s-1 as this was the 
maximal angular velocity possible for the dynamometer in our lab). 
 
Statistical Analysis 
 All statistical analyses were performed using the Statistical Package for Social 
Sciences 18 (SPSS, Inc., Chicago, IL).  Prior to statistical analysis, test for normality and 
univariate and multivariate outliers were conducted.  Descriptive statistics were used to 
compute the means, standard deviations, and range values for all the variables.  Pearson 
product correlation coefficients (r) were calculated to analyze the relationships among 
cardiorespiratory fitness, PA, and proportion of type II fibers; the relationships between 
fitness levels and risk factors for CVD (FG, TC, HDL, LDL, TRG, and hs-CRP); and the 
relationships between proportion of type II fibers and risk factors for CVD (FG, TC, 
HDL, LDL, TRG, and hs-CRP). 
 
Results 
 Fifty AAW volunteered for this study.  Two of the participants were excluded 
from the final analysis because they were identified as univariate outliers (i.e. PA scores). 
The final sample consisted of 48 AAW.  The physiological characteristics of the subjects 
are shown in Table 1.  The average age of the women was 33.6 (SD = 9.9 yrs.).  Mean 
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BMI values (28.8 ± 6.8 kg/m
2
) indicated that the women were overweight; however the 
mean value for DXA % body fat (39.9 % ± 6.8) indicated that the women were obese.  
On average the women had an intermediate proportion of type II fibers (50.7% ± 6.4), 
with a range of type II fibers from 35.2% to 64.9%.  The mean values for VO2 (25.9 ± 
4.1ml•kg•min-1) demonstrated that the women had poor cardiovascular fitness; and 
similarly the mean value for PA scores of the IPAQ-s (393.4 ± 461.4) indicated that the 
women were inactive. (i.e. performing a pattern of physical activity achieving less than 
600 MET-min/week).  Physical activity classification according to the IPAQ-s showed 
that 81% of the women were categorized as inactive and 19% were categorized as 
minimally active. (Table 2). 
 
Table 1.  Physiological Characteristic of the Participants (N=48) 
 
Variables 
 
Mean 
 
SD 
 
Minimum 
 
Maximal 
 
Age (yrs) 
 
33.6 
 
9.9 
 
20 
 
58 
 
Height (cm) 
 
163.6 
 
5.9 
 
153.7 
 
174.0 
 
Weight (kg) 
 
77.0 
 
18.7 
 
48.5 
 
131.1 
 
BMI(ratio-wt-kg/ ht-m
2
) 
 
28.8 
 
6.8 
 
18.1 
 
49.6 
 
Body Fat DXA (%) 
 
39.9 
 
7.9 
 
21.8 
 
60.2 
 
FFMT (kg) 
 
8.7 
 
2.4 
 
4.4 
 
15.8 
Proportion of Type II 
fibers (%) 
 
50.7 
 
6.3 
 
35.2 
 
64.9 
 
PA (MET-min/week) 
 
393.4 
 
461.4 
 
00 
 
2160.0 
 
VO2 (ml•Kg
-1•min-1) 
 
25.9 
 
5.3 
 
18.8 
 
33.3 
BMI = Body Mass Index; DXA = Dual energy x-ray absorptiometry; FFMT = fat free mass of 
thigh; PA = physical activity; VO2 = oxygen consumption @ 85% maximal heart rate 
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Table 2.  Physical Activity Categorical Score of Participants (N=48) 
 
Categorical Score 
 
N 
 
Inactive 
 
39 
 
Minimally Active 
 
9 
 
 
Risk factors for CVD, which included blood lipid parameters and blood pressure 
(SBP & DBP), are shown in Table 3.  The mean values for all of the blood lipids and 
systolic and diastolic blood pressures were within normal range, indicating that the 
women did not have any of the non-obesity tested risk factors for developing CVD.   
 
 
Table 3.  Risk Factors for CVD (N=48) 
 
Variables 
Standard 
Values 
 
Mean 
 
SD 
 
Minimum 
 
Maximum 
 
Triglycerides (mg/dl) 
 
≤ 150 
 
102.6 
 
64.5 
 
45.0 
 
367.5 
 
Total Cholesterol (mg/dl) 
 
≤ 200 
 
161.0 
 
28.3 
 
105.5 
 
263.5 
 
Glucose (mg/dl) 
 
≤ 110 
 
78.6 
 
10.0 
 
59.0 
 
116.0 
 
HDL-C (mg/dl) 
 
≥50 
 
55.8 
 
14.3 
 
33.0 
 
91.0 
 
LDL-C (mg/dl) 
 
≤ 100 
 
79.7 
 
30.4 
 
30.0 
 
152.5 
 
TC/HDL-C (ratio) 
 
≤ 5 
 
3.1 
 
0.8 
 
1.8 
 
4.7 
 
hs-CRP (mg/dl) 
 
≤ 1.0 
 
1.7 
 
2.4 
 
0.3 
 
10.0 
 
Systolic Blood Pressure (mmHg) 
 
≤ 140 
 
113.2 
 
11.7 
 
90.0 
 
142.0 
 
Diastolic Blood Pressure (mmHg) 
 
≤ 90 
 
75.0 
 
10.3 
 
60.0 
 
100.0 
HDL-C = high density lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol;  
TC/HDL-C = total cholesterol/high density lipoprotein cholesterol; hs-CRP = high sensitivity C-
reactive protein 
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 VO2, PA, Type II fibers, and CVD risk factors. The relationships among 
cardiovascular fitness (VO2), PA, type II muscle fibers, and risk factors for CVD are 
displayed in Table 4.  VO2 was neither related significantly to PA (r = -.14, p = .32) nor 
to proportion of type II muscle fibers (r = 0.13, p = 0.38).  However, VO2 was 
significantly correlated with several CVD risk factors.  It was negatively correlated with 
hs-CRP (r = -.31, p < 0.05), SBP (r = -0.47, p < 0.01), DBP (r = -0.43, p < 0.01), and 
DXA % body fat (r = -0.62, p < 0.01).  These negative associations suggest that if the 
values of VO2 were to increase then the values for hs-CRP, SBP, DBP, and DXA % body 
fat would decrease.  The coefficients of determination for these significant relationships 
were hs-CRP (r
2
 = .10, p < 0.05), SBP (r
2
 = .22, p < 0.01), DBP (r
2
 = .18, p < 0.01), and 
DXA % body fat (r
2
 = .40, p < 0.01).    These results indicate that DXA % body fat has 
the greatest amount of common variance with VO2.  Partial correlations controlling for 
both age and BMI showed no significant correlations. 
PA, Type II fibers, and CVD risk factors.  Table 5 contains the correlations 
among PA, type II fibers, and CVD risk factors.  There were no significant statistical 
relationships between PA and any of the variables. Partial correlations controlling for age 
and BMI also showed no significant associations.  There were significant negative 
correlations between type II fibers and LDL-C (r = -0.30, p < 0.05), and type II fibers and 
DXA % body fat (r = -0.46, p < 0.01).  The coefficients of determination for these 
significant relationships were LDL-C (r
2
 = .09, p < 0.05) and DXA % body fat (r
2
 = .21,  
p < 0.01), indicating that both variables account for small percentage of the common 
variance (9 and 21%) in type II fibers.  No other significant correlations or partial 
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correlations (controlling for age and BMI) between type II fibers and CVD risk factors 
were observed (Table 6).   
 
 
Table 4.  Relationships among Cardiorespiratory Fitness (VO2), Type II muscle fibers, and Risk 
Factors for CVD (N=48) 
 
Variables 
 
r 
 
p  value 
 
VO2 and Type II fibers 
 
.14 
 
.34 
 
VO2 and PA 
 
-.06 
 
.67 
 
VO2and Triglycerides 
 
.00 
 
.99 
 
VO2 and Total Cholesterol 
 
.00 
 
1.0 
 
VO2 and Glucose 
 
-.10 
 
.49 
 
VO2 and HDL-C 
 
.10 
 
.49 
 
VO2 and LDL-C 
 
-.08 
 
.56 
 
VO2and hs-CRP 
 
-.31* 
 
.03 
 
VO2 and SBP 
 
-.47** 
 
.00 
 
 VO2and DBP 
 
-.42** 
 
.00 
 
VO2 and DXA %fat 
 
-.64** 
 
.00 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 5. Relationships among PA, Type II muscle fibers, and CVD risk factors (N=48) 
 
Variables 
 
r 
 
p  value 
 
PA and Type II fibers 
 
-.12 
 
.42 
 
PA and Triglycerides 
 
-.14 
 
.36 
 
PA and Total Cholesterol 
 
.15 
 
.32 
 
PA and Glucose 
 
-.11 
 
.44 
 
PA and HDL-C 
 
.08 
 
.59 
 
PA and LDL-C 
 
.17 
 
.25 
 
PA and hs-CRP 
 
-.12 
 
.43 
 
PA and SBP 
 
-.05 
 
.76 
 
PA and DBP 
 
.06 
 
.68 
 
PA and DXA %fat 
 
-.08 
 
.60 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
 
Table 6. Relationship between Proportion of Type II fibers and CVD risk factors (N =48) 
 
Variables 
 
r 
 
p value 
 
Type II fibers and Triglycerides 
 
-.23 
 
.11 
 
Type II fibers and TC 
 
-.27 
 
.06 
 
Type II fibers and Glucose 
 
.93 
 
.53 
 
Type II fibers and HDL-C 
 
.03 
 
.82 
 
Type II fibers  and LDL-C 
 
-.30* 
 
.04 
 
Type II fibers and hs-CRP 
 
-.23 
 
.10 
 
Type II fibers and SBP 
 
-.16 
 
.27 
 
Type II fibers and DBP 
 
-.11 
 
.44 
 
Type II fibers and DXA %fat 
 
-.46** 
 
.00 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Discussion 
 This study is one of the first to examine the relationships among physical fitness, 
physical activity, skeletal muscle fiber type, and CVD risk factors in AAW.   The results 
of this investigation do not support a relationship between physical fitness and proportion 
of type II muscle fibers.  The participants in this study were generally young, obese and 
sedentary African American women with low cardiorespiratory fitness.  Their low 
cardiorespiratory fitness was not related to their skeletal muscle fiber type.  The women 
had an average of 50.7% type II muscle fibers which suggests that their fiber types are 
equally divided between endurance and power fibers.  Typically a greater proportion of 
type II fibers would contribute to a limited aerobic or endurance capacity, but since these 
women had an almost equal distribution of type I and type II fibers it was not possible to 
determine if a greater proportion of type II fibers was associated with their poor 
cardiorespiratory fitness levels.  However, the literature is replete with studies which 
indicate that individuals with a greater proportion of type I fibers (hence lower % of type 
II fibers) have greater capacity for endurance physical activity and subsequently a higher 
level of cardiorespiratory fitness (27-32).   
 On the other hand, the participants had developed lifestyle choices that did not 
include significant quantities of physical activity.  The women stated that their lifestyle 
did not include large quantities of physical activity and were essentially void of leisure-
time physical activity.   In addition to having minimal levels of physical activity, the 
women had a low level of cardiorespiratory fitness as indicated by their estimated VO2.  
Their average VO2 was 25.9 ml•kg•min
-1
 at 85% of maximal heart rate which placed 
them in an unfit category (39).   Several studies have shown that low levels of physical 
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activity and cardiorespiratory fitness are independent risk factors for the development of 
CVD (10-13).  The low cardiovascular fitness and lack of physical activity suggest that 
the lifestyle choices of these women are potential preconditions for CVD and various 
other chronic disorders (10-13).       
 The participants of this study were also classified as obese according to their 
mean value for DXA % body fat.  What is unclear is whether the obesity of the women 
resulted in them being physically inactive or if being physically inactive caused them to 
be obese.  Regardless, obesity is often associated with physical inactivity and this is 
particularly true for AAW.  Allison et al (18) found that AAW have a higher prevalence 
of obesity as compared to Caucasian women; and that the increased rates of obesity may 
be a consequence of higher levels of inactivity.   
The data further shows that cardiovascular fitness is inversely related to hs-CRP (r 
= -.31, p < 0.05), SBP (r = -0.47, p < 0.01), DBP (r = -0.43, p < 0.01), and % body fat as 
determined by DXA (r = -0.62, p < 0.01).  DXA % body fat was positively related to hs-
CRP (r = .35, p < 0.01).  This is an important observation and is consistent with findings 
and statements published by the Centers for Disease Control and Prevention (43) and the 
American College of Sports Medicine (39) maintaining that a sedentary, inactive lifestyle 
is a key risk factor for hypertension, obesity, diabetes, unhealthy lipids profile and 
subsequently CVD (39, 43, 44).  Although this sample of AAW risk profiles fell within 
the healthy range, this was probably strongly related to the age of the participants as the 
average age was 33.1 years.  The National Heart Lung and Blood Institute, National 
Institutes of Health, and Department of Health and Human Services (44) report that age 
becomes an important risk factor for developing heart disease for women around the age 
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of 55.  It is important to re-iterate that these women were obese, as indicated by the mean 
value for DXA % body fat and they also had poor cardiorespiratory fitness and inactive 
PA scores.  It has been shown that obesity and low cardiovascular fitness are key risk 
factors for developing CVD in both healthy and unhealthy men and women (10, 11, 45-
48).  Some have even demonstrated that low cardiorespiratory fitness is a strong 
independent predictor of CVD and all-cause mortality in men and women (12, 13, 17).    
There was no relationship between VO2 and the PA scores on the IPAQ-s, and PA 
scores were not significantly related to any of the other variables.  This was an 
unexpected finding as cardiorespiratory fitness is strongly associated with PA (39).  
Although the IPAQ-s is a valid instrument for measuring PA, with AAW the 
questionnaire was validated using accelerometry generated data instead of exercise 
capacity as determined by a treadmill exercise test (37).   Variations in validity can occur 
depending on the objective testing criterion; and only a few studies have shown 
acceptable validity of the total PA score of the IPAQ-s and maximal exercise capacity 
(49-51).   Papathanasiou et al. (49) conducted a validation study of the Greek version of 
the IPAQ-s and exercise capacity determined by maximal treadmill time in both men and 
women.  They found significant correlations between maximal treadmill time and the 
IPAQ-s total PA score (ρ = 0.36, p < 0.001) and vigorous PA score (ρ = .43, p < 0.001). 
However, values were lower for women (total PA ρ = 0.35, p < 0.001; vigorous PA ρ 
=0.41, p < 0.001) than men (total PA ρ = 0.43, p < 0.001; vigorous PA ρ =0.42, p < 
0.001) (49).  Kurtz et al (50) examined the validity of the IPAQ-s with VO2max 
estimated from treadmill testing and energy expenditure as measured by and electro-
mechanical motion sensor device in Norwegian men.  The authors found that VO2max 
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was significantly correlated with IPAQ-s total score (ρ = 0.30, p < 0.01), and similar to 
Papathanasiou et al. (49) there was a greater correlation with total vigorous IPAQ score 
(ρ = 0.41, p < 0.01) (50).  Lee et al. (51) performed a systematic review of all of the 
validation studies of the IPAQ-s against an objective PA measure or an objective fitness 
measure.  There were 23 studies included in the review and only five studies used 
objective fitness measures for exercise capacity that included estimations of VO2max, 
walking distance on six minute walk test, and maximal treadmill time.  The authors found 
that the correlations between the IPAQ-s total score and exercise capacity were small 
ranging from ρ = 0.16 to 0.36, median = 0.30 (51).  While these studies have shown 
reasonable validity of the total PA score of the IPAQ-s and maximal exercise capacity, 
none of these studies included AAW.  Additional research is warranted to establish the 
validity of the IPAQ-s with exercise capacity in AAW. 
The subjective nature of self-reporting and the PA recall or lack of understanding 
of PA may have also impacted the inability to document an association between 
cardiorespiratory fitness and physical activity.  Fogelholm et al. (52) found that recall 
was an issue in young men using the IPAQ-s as individuals who had lower levels of 
cardiovascular fitness or were sedentary tended to report higher levels of physical activity 
(52).   Many of the women in this study reported that they had difficulty with 
remembering what types of physical activities they had completed over the seven day 
period prior to completing the questionnaire.  For example, several participants reported 
that they had just returned from vacation and could not accurately recall all the activities 
they had engaged as they were enjoying a leisure schedule.  Others reported that they had 
engaged in a number of physical activities (i.e. walking, hiking, and cycling) that were 
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not consistent with their normal daily physical activities and could not accurately recall 
the amount of time spent completing the activities.  As a consequence, the lack of a 
relationship between cardiorespiratory fitness and PA may not have been evident. 
   Proportion of type II fibers was found to be negatively associated with two risk 
factors for CVD, LDL-C (r = -.30, p < 0.05) and DXA % body fat (r = -.46, p < 0.01).  
This was a unique discovery as most of the literature investigating a relationship between 
muscle fiber type and risks for Coronary Heart Disease (CHD) have demonstrated a 
negative relationship between proportion of type I fibers and various lipids and total body 
fat in men (25, 27-31).  To the author’s knowledge this is the first study to demonstrate 
an inverse relationship between proportion of type II fibers and TC and DXA % body in 
AAW.  Although these relationships were statistically significant the proportion of shared 
variance of VO2 with these two variables is quite small (LDL-C, r
2
 = .09, p < 0.05 and 
DXA % body fat, r
2
 = .21, p < 0.01), and therefore the clinical significance of this finding 
is inconclusive.  However, from a practical standpoint, this would suggest that physical 
activities that facilitate an increase in the percentage of type II fibers (ex. weight training) 
might provide some benefit for decreasing LDL-C and total body fat in this population.  
Costa et al. (53) investigated the effects of resistance training on lipid profiles in obese 
women.  They found that a nine week resistance training program combined with music 
was effective in improving HDL-C and reducing TC, LDL-C, and TC/HDL ratio.  
Wooten et al. (54) examined the effects of a 12 week resistance training program on 
lipids and lipoproteins in obese, postmenopausal women.  These authors also had 
favorable outcomes and found that the 12 week program was effective in significantly 
lowering TC, LDL-C, and non-HDL-C (54).  Kelly and Kelly (55) conducted a meta-
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analysis of twenty nine studies investigating the impact of resistance training programs 
on lipids and lipoproteins in adults.  They concluded that progressive resistance exercise 
(PRE) training programs were effective in significantly reducing levels of TC, 
triglycerides (TRG), LDL-C, TC/HDL-C ratio, and non HDL-C, but were not effective in 
improving HDL-C (55).  Not all of the studies investigating the effects of resistance 
training on lipid and lipoproteins have produced favorable outcomes.  Kelly and Kelly 
(56) repeated their meta-analysis of twenty nine studies investigating the effect of PRE 
programs on lipids and lipoproteins using prediction intervals instead of confidence 
intervals.  In this new analysis they did not find any significant changes in any of the 
lipids or lipoproteins.  The authors concluded that additional research is needed on the 
effects of PRE programs on lipid and lipoproteins in order to determine what type of 
programs and what populations these programs would be beneficial (56).  Manning et al 
(57) assessed the effects of a12-week resistance training intervention on lipoproteins in 
obese sedentary women.  They too found no significant changes in lipids or lipoproteins.  
The literature is inconclusive on the effects of resistive exercise training on lipid profiles; 
therefore additional research is warranted to determine practical significance. 
 
Limitations 
 One limitation of this study was that muscle biopsies of the quadriceps muscle 
were not used to more accurately determine proportion of type II fibers.  However, in 
order to accurately determine the % of type II fibers, several biopsies would have been 
required as the use of only a single biopsy has been found to be a poor indicator of fiber 
composition in whole muscles. (58-60).   
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 Another limitation was the angular velocity speed of the KIN-COM 
dynamometer.  The highest achievable angular velocity speed for the Chattecx KIN-
COM 500H dynamometer was 250
◦
 • s-1.  This was approximately 30◦ • s-1 slower than 
280
◦
 • s-1 recommended by Suter et al (41) for use in the regression equation.  However, 
Ivy el al (61) determined that peak power for maximal knee extension occurs in the range 
of 180 – 240• s-1; and that the highest correlation between peak power and proportion of 
fast twitch fibers in the quadriceps occurs around 180• s-1 (r = 0.57, p < 0.05).  They also 
found significant correlations at 240• s-1 and 300• s-1 and no significant associations at 
angular velocities below 120• s-1.  The speed of 250• s-1 falls between the speeds 
suggested by Suter et al (41) and Ivy et al (61) and would provide a clear distinction 
between proportion of type I and type II fibers.  
 The use of a subjective instrument for determining level of PA and an estimation 
of VO2 at 85% of maximal heart rate may have also been limitations.  Using a physical 
activity accelerometer to track the participants’ level of PA would have provided more 
precise estimations of their level of physical activity, and thus eliminating the possibility 
of inaccuracies associated with self- reports.   In addition, having the participants perform 
the same protocol and plotting heart rate data and VO2 at each exercise stage to calculate 
an estimation of VO2max would have given a more precise indication of exercise 
capacity.   
And finally, it may have been beneficial to include AAW of various fitness levels 
to possibly compare differences in the proportion of type II fibers and then assess the   
relationship to cardiovascular fitness and PA.   
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Conclusion  
 The results of this study do not suggest that low levels of cardiorespiratory fitness 
in AAW are associated with either levels of reported PA or proportion of type II muscle 
fibers.  This suggests that there may be other factors that are contributing to the low 
levels of cardiorespiratory fitness observed in this sample of AAW.  However, it’s 
possible that a more invasive technique may be required to more accurately establish the 
proportion of type I and type II fibers before examining the association with physical 
fitness.   The regression equation for determining proportion of type II fibers does not 
allow for differentiation between the two subtypes of type II fibers: type IIa and type II b.  
This may be something to consider in future investigations when speaking about type II 
fibers particularly since the subtypes vary in their oxidative capacity and this would in 
turn impact physical fitness.  In addition, further validation of the IPAQ-s and exercise 
capacity is required to provide evidence to support the use of this instrument when 
assessing the PA levels of AAW.  Also it may be important to include AAW with various 
levels of physical fitness in order to further distinguish between the associations of 
cardiorespiratory fitness, muscle fiber type, and PA levels.  Thus, the findings of this 
study provide additional support of the encouragement of regular cardiovascular physical 
activity for minimizing the risks for CVD, as VO2 was found to be significantly 
negatively related to several key risk factors for CVD (SBP, DBP, hs-CRP, and DXA % 
body fat).  This implies that increases in exercise capacity are associated with decreases 
of various CVD risk factors  
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